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[ASM] 

£ 31*1-8- °<H- ^ £^*Hr ^ 3-°^, 

#7l <$S. D(v, 50%)7> 10/un % ^(S 8 ), % 311 s^l- ^ <>1 

^"71 ^ ^ S^o] *||*« 

£ 2 
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#*l-§- °1» i^}^ {POSITIVE ELECTRODE FOR 

LITHIUM-SULFUR BATTERY AND LITHIUM-SULFUR BATTERY COMPRISING SAME} 

£ l£ V]M<% lofl £]*fl #*l-g- SEM 

£ 2£r £ 2°fl ^Sfl *flS€ ^1-8- °o^^ SEM 

£ 3^ tiling H <5]sfl *fl2^ S]#-% 103] f^^§- ^a]*V * , ^xll- 
*fl*H*M •S^^l ^3 SEM a>^1. 

5L 4^ £ ^Ajofl 3 6\] o]^ 105] f^^- ^Al*}- 

SEM a>^1. 

<5> [Aj-o^j- ol-g- «o>] 

<6> ^ -§--<§- .g. ol# i^i. ^ofl ^ ^O.S.^, 

^4 ^cMl^m -g-*8= ^ ^ S-^o] ^Xl-g- <£^. ^ o)l- if-Ts}-^ El 

<7> [^2fl 7l#] 
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<8> ^cfl £7} 7 ) 7 } o] ^o.3L 7>^J1 Jl-g-^ rfl*V A^7> ^7>*>J1 $1 

<9> #*1tt ^(Sulfur-Sulfur bond)^- % 5r^-#^: °<J=^ * 

A>-g-^jL, Si #4 ^ £fe o]^ ^ ^ ol^o] ^ 

■g-AK^Al) S-S ^^-ol ^o^^ S3 ^>2r^7l- ^Sj-Jl, *r3j- ^hg-Al(^Al) S3 
*iJ^7> ^7>^a-] s-S t±X\ &£h&$. °l-g-*H #713 

3830mAh/golJl, ^ a>-§-£)^ %(S 8 )^t a}-^ ^ °- oflu^l ^ £7 > 1675mAh/g 

Str °<J=^ W^S. A}-g-S)^ %7)1 7Hl7> &*>JI ^^SH^I #^ol^ ^ 

, °m -8-^4 -Msfe ^ 3*1 -§-^-§r ufl^-oiuf. 
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1020020065775 #3 H*}: 2003/7/23' 

<13> M. A o V #*> ^1^* *M^1 ^-^-S-Ai, ^ Tg-^jq <y 

HI- ^ #*l-§- °<^-8: *fl^Kr 

-?-^tr ^*l-g- <#^8r afl^sHr 

<16> S-^^r ^*>7] £ ^T^^r D(v, 50%)7> IOaOT! °]<5><y % 

% #*l-g- °<^* *H^tri=r. <#^o. Htb ^ 71 ^71 (roughness) Ra 

<17> ^ ^ ^ ^v 7] ^-g- ol^-g- y}*^ ^El^eflol^^ ^ &i=. 

^# °l£r4 *V-§-^H 7r ^3 JLS f-ff- ^-ttl: =r M. 3# 

<i9> a. el#-% -g- 0 ^5L^ <£^- A>-g-§><^ -g- 

^ ^ ^ -<Hrtr *fl^«- ^ 5^. 

<20> % oj £7 ]. ^-O.Tg ^-^S. o^^-o] 7]%7)7\ ^r°]^JL Sr^7\jL 
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£ *^ 3*1 -g- <$S. D(v, 50%)7V 10/zm 0]*}, «HJ-3] SJ-tD ^ x ^ 

*1 5/um°l ^ i^Tiq-, <£^-S] 7^71 Ra 5/7m o]*)., w}ej. 

3*Mlfe 0.1 5//m> 7H 1 " ^^MItt 0.2 ifl*l 4jum6lcf. £ ^J^M^IM D (v, 

50%)<2 0.1, 0.2, O.3.... 3, 5, 7.... 10, 20, 30^m o)%^ 3.7)7} &2.S\ 

°] 91^ <a^>« 50%*}*1 <^7>1- ip^Al^^- nflo) oi^ 37]# 

ol<4 £oj cg £7 y. 3 o. oj^x o. Af-g-*> E]-§--% _g_ig: ^ 

-f-^ 31 A. LiMn 2y 0 4 ^ ^f- o]^ ^oflA] 

^ og £# 2^ ^s.o] & 0.^.(^1 . u)^ ^^ *fl 5,958,362 Jl * a|) 5,718,844 

S7> #1"^ ^fl^Al -g-^JSM- #7fl^ Cflofl B]^ -g-^ £ ^ S.^ 

^ ^ttJ- «8$-§- ^^4. JEth T^Ml ^tt tfl 

■8-°l 4 5,631,100 11 7]*W*\$L£L^, 7^^7l2f -g-«g= -fr^l-i-^fe 

^ ^^17V &$4. 

A o V 7l £^Rr £ ^ E^A 3^ *||*||«H 

■^^^ °<J=^3 ^ 7^7] Ra ^ 0.1 vfl^l 25/^14. oinfl, sfr 7 ] ^ iila£ 

7>^ "0.1 vfl^l 2.0CS. ^^JI, 0.1 ifl*l 2.0C5. fJ-^SM, w>^^>7ll^ 0.2 ifi*l 
1.0CS ^ g 0.2 ifl*l 1.0CS. ^"SH 3=$ #i£^ 0.1 ifl*l 

2.0mAh/cui ! , ^ 0.1 2 . OmAh/cnf ©1 4 . #7] ^ s.^ ig 7 )-^ ^yj-^J ^ 

1- 1 vfl^l lOOs}, w>lM*>7l1fe 5 ifl^l 10051, Hl-fMsiM)fe 5 vfl^j 205) -i^^ 

^*>^4. °1 si ^ ^^ltb ^ ^1^1 ^Ve)1^ ^Efl ^ w 0 >^ >y- 
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OCV^r 1.0 ifl^l 4.5V°U, Hf^-^^Tfl^ 1.5 vfl^l 3.0Volcf. 

•a- ^1 io ifl*l 90%, ^^SMlfe 20 80%, ilcf w>^*]*r7fl^r 30 vfl 
*1 70%olcf. 

^■71 <#^MH <$^r % ^(elemental sulfur, S 8 ), % 31<I 

^ A>-g-l- - <ycf. ^71 % 7fl<t Li 2 S n (n>l), -8-71 % 

^ #sl^((C 2 S x ) n : x= 2.5 vfl*] 50, n>2)^ o^o^ ^bh^ 

#7] Jl-g-^ tso_£}o)E, #^W]^S^c1) l-^ej-Ol^c^ «1A>S = 

€, wild #^5}oit=_^-til^ oj-^EfloiH, #s](l-«1^3z|i-e|€-s- 
^--^131/^^ hbJM- #sHl!i^ ^-A>oi^ ^ o]^ 
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<2?> ^7l#^.^ #^L°m ^e}?}-, wi^^ ^s]7V, ^e)^ ^el^K 

<28> o]ei*v ^- ^i^l<Hl>H -S-^s^r £}-§- <>l£-§- 7>^^ o. 

<29> a o > 7 ] 7 >^^ ^ ^ ^ efl o] ^ / o] E ^ gj- Eflo] ^ ^- ^ o}- ^3.^ Ej- 

e^(Si) # ^ S^M- °H tb^^r 3^ ^^.S.^ si #4 Na, 

K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Ba, Ra, Al ^ SnSLS. o)^o]^[ ^oflA| ^ 

<so> ^ S^ofl if7l^ iLJL^Kprotective layer), -fMll iLJrn]- £ ^ oj^ol 

^5L A>-g-^ - o,^ ^. 7l ° 7 i^ Mg> A1> B; C; Sn , 

Pb, Cd, Si, In, Ga, s}# ^?1Hh, e)# ilelM;^ ^-g. i^o^E, li£5 
M-olHe|-oic ) ^el^^nfoic ; ei-g- iL3ii sM.ee., si-g- <£-f-*1^1iSr°l = ^ ^ 

^o.s^ #Bl(p-^^^l), ^eloHi^^i, #e1( p -5il^^ Hl^^i), ^ejo^^, 
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#5^!-, #5^^ 0.331, #51 (2,5-^ €^ ^bK^bJi+H^), #3 

<31> J£*>, 51 #-38- #*1« f^^Rr ^HHH, %o] 

MS Bj# ^ 3E^<^1 ^ XJ^. ol«q. ^-o] ^(inactive 

SUlfur)^- %°1 7}*1 ^71 S^*! a>-§~g- 7^ <£^2l #71 a>-§-ofl 

% Va ^ *r 3# £^ 5] 

-§- -§-^1 H^Cprotective layer).?-^ <3lh§- ^ ^^S. <&t±. n}-5M , 5lf- ^ 

^4 ^1 el# ^ $H wl%^ ofli- Blf- ^sMjeH- -g-^o.5L A>-g-^ 

<32> ^-71 ^^O.^ #*H^ ^-7] ^-nfll- ^-g- A}-§-% ^ o|rf. 

<33> #7} -fj-71 -g-nfl^.^ cf-H -g-nfll- A}-^ ^JL 2°1^ ^ -fM-g-pfl# Af-g- 

^ ^JE SZcf. 2ol^-5l ^ ^7} -g-nfll- A>-§-^ ^ ^ ^ -g-^fl Hi-, ^ 

^ -§-nfl ZL1-, * 5l# nfl^ iLl^.fl ^ ^ 7fl ^f-ofl^ ^ o\^9\ -g-nfl 

% -$rn*m ^ 9X^ 15iL4 ^ -g-nflS ^SU, 7J-*V ^ -g-*fl 

^ 7>iLMlolH, ^#A>ol= 2)-^, i± E |a sj- 

5}-^, ^^lB 511- #51^40] =1- -g-sflAl^ ^ ^ 

^7> 15^.4 €■ -g-°flS ^^M, 5)# II -§-nfl^ iSj-^ oflEfla t # 

iS|-^ <Hltll= N, 0, S IEtt °1€-Sl 2i^o] g_ig5) ^ EllS J151 ^ 
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^#^°fl <#^tr SEKSolid Electrolyte Interface) «|f"8: *$^-&}^ 3^*1 X\-o]^ 
JL^Hcycle efficiency)^ 50% -8-nflS. ^^4. 
<35> ^ ^.nflo] ^.^l^oi ofls.^. *}<|3 ^(xylene), cH«r*H#, 

<5H^S^i£ ( €\o\}^ 7>iv1}o}E ) t^pll^ ^j^H^ ^ofl ( t^ig t^ofl^ 

<36> ^ -g.nflo^ ^fl^ o^lS.^ *|aHI€ a}*HH.(hexamethyl 

phosphoric triamide), M S^^^r , <>H|£>|Hfi, 7 r iH-lHS, ISl^l 

<37> ils-g-nflo] ^H<y ajls^ tllHerS>olc S d]^^} ^aHh. , 

^, 3,5-^Hm o]^a>^ ; 2,5-t^ll 2 -*\M ^f?h 4-^^ 

oicf. 

<38> a o V 7] ^«fl«go] E}-§-<3 CLS^ 5^1- HiM€^^^£°MS.( lithium 

trifluoromethansulfonimide), HeUMMHCl ithium triflate), ^H-^elH 

HClithium perclorate), LiPF 6 , LiBF 4 5E^ £l]B2f ^^^-h", <^ll- §<H ^H^Hf-H^ 
El]Her#^SiellolH, 31^ ^ , afl» l-o} l-<H]^-3-^]^ol^ 

cf^sl-g- wl^-C^^^s.^^ ^S.^) o] u]z_9\. ^ °H4#e)-§- ^ ^o. ^q. 
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<40> (*)AH 1) 

<4i> % 3J^(S 8 ) ^ssqo> 1:4 ol^HS.^^:# -§-*fl# °l-8-«W 24*1 

<42> ^ 60 &± JE^fl 20 ^ l-5}ti]^3Z)-M£. 

20 ^%=%«- oj^HS.^^ -*MH*1 #^e)7> 4}<|} 

<43> ^ ^£ ^-s^^ Al ^ 3.*%*}%^. 33*111- 

#-8r°lH 2*1 # o]# ^^*V -f, cfAl 50*C*IH 12*1 # o]^- ^1-8- 

<44> (^*H 2) 

<45> 48A17J; -g^ ^AleV ^^JL^ ^71 *J*H 14 %-<£?>W) 

*H$4. 

<46> (*2*H 3) 

<47> ^ 72*1# ^Altb ^l^KH^r #71 ^}*H 14 ^-^S>7fl *J*1 

*B34. 

<48> (tiija^i i) 

<49> ^.g- ^Aj^i 8>^- % £-^(S 8 )* 3*1-8- ^ a}-§-*H 

#71 *J*H 14 El#-% 3*1-8" ^l^^^uf. 
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<50> (tiling 2) 

<52> ^-71 1 3 ^ WliU^ 1 2$\ <$^r #1"^^ ^7l# 

<53> [S. 1] 







D(v, 50%; 




72 




-y^Hl 2 


48 




-^M 3 


24 


10//m 


y|in.oii i 


3 


20jan 


yiH^i 2 


0 


58^m 



<54> #7] S. 1^1 M-H^-^ 34 -£31 ^llHl til^^fl^ <y£7> ^MJl, 48Am ol 

o) ^o] <£ ^ ojm, ^ A^ofl o.^^- 7jO S ^z^t}. 

<55> * <#^- SEM £ A A 

<56> tilju^l io) o^q-j^ ^ofl 2^1 SEM 5. 1 ^ £ 2^1 

uJ-Bfifl&t}-. £ 1 D J £ 21 M-B^-^l SEM A>^1^- til mL°\] 19] ^ 10 25//m 

a7loli ^X|ofl 251 3-*Hr 2.5 xfl*l 4.5/an $5.$ 3.7] S. £3 3* 4 

<57> * 7|^7l 

<58> ^AHl 1 ifl^ 3 ^ ajjaofl 1 xJi\7] 2$\ >\^7}m ^ «H , ^ 

*>7l S 2ofl q-^&4. 
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<59> [S. 2] 





Ra 


Rq 


Rz 


Rt 


Hi Jill Ofl 1 


19 


25 


140 


142 


Him o)| 2 


8.5 


13 


87 


89 


-^Ml l 


3.5 


6.5 


77 


80 


2 


2.9 


5.5 


47 


49 



<eo> a o v 7 ] s 2^Ai, Rq^ z} 4h4 rms(root measn square) ft°]3L, Ra^ -it^^-^: 
°H, Rt^r a^sq ^ol^ ufBftfl^ SroH, Rz^r 1(10)^ ^ 71^71 

7H V 57M 7H 1 " 57fl si l}eHtt ^o!4. Ra ^ Rq 

#^r^ K^o) sg^-g. 44*1 ^Al<^) i tfl*l 2 4 <#^-°l tiling i 

2S1 <S^-iL4 ^eH_V ov + oicf. a, og £7 |. ^ 

^S. o^o} 71^717]- <£ ^ olcf. ^34^0.S. ( <a=^" «"#^4 <U5L7\ aj-g^ 

^ <#^4 #444, ^143144 AH^ 3) Tg ^3|-ol #4*1 Jl, olofl 

44 7.1 ^4^1 #±.f>}6) #o>^ ^_o S ^z|^cf. 

<61> <Bl#-% #44 

<62> Aj-71 ^AHl lifl^l 3 ^ 1 ifl^ 23. 4^4 4^"# °1^H, 4^-4 ^ 

1^.2.3. 4-f4 4^4 €4* 4^4534. 4 4444 ^4 3.71 25mm 

X50mm3, 4^4 3.°} 44 3-5^)^.4 tt-E7> €• 44^-4 4^: 444 

4 ^ ^ 54^ 44# 44^5*^ ^7>-§- #444. 

<63> ^^ofl ^711 4~T-*14 4^4 44 ^4 4 1 Lflx) 3 ^ «1 jaoifl 

1 44 2S. 4^4 0^0. ^oj-cf. ol oj^. ^ofl ^l^eflolE^ g^4. #4 ^44 
o]Bl ^4 ^ol «^ J^^g. gjl> q. 7] ^Sflofl ^og^L D J- U- 7ljl ^ 
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*}^4. °] ^HMH 1M LiN(S0 2 CF 3 ) 2 ^^l^Hm/1.3-i=1^-#^(80/20) ^^fl^^r 3 

<64> * ^^.] 3§7> 

<65> *flS<£ ^^11- 0.2C, «o V ^ 0.5C5. ^^1* Efl^StV *>7l S 3°fl 

44^&4. 

<66> [S. 3] 





D(v, 50*) 


(mAh/g) 


10s| -B-^ 

(mAh/g) 


10s| ^ 
(%) 






«1 51^] 1 


58 


343 


300 


87 


15.4 


80 


HlH^I 2 


20 


400 


360 


90 


13 


70 


-M^HI l 


10 


450 


428 


95 


10.4 


50 


*3*HI 2 


5 


470 


454 


97 


9.8 


40 



<67> A>7l a 3^11 M-Bj-^fl ^ ^O] , oj£7} ^ -f^^g- ^ & 

4. 31 th D(v, 50%)7> ^}^^ iflJjL *11M ^s]^^, a?!: ^ 

*1 2^ a^o S #x]o) ^ jl^ j=ro] 0CV1- s^tt ^ 2.1VS. 44^4. 

<68> * 

<69> #71 105| ^ ^7>7> f^.^ °o^-8: 4^^H1€ -S-^flS M}^, 

* SEM^l- 7^^7l# ^*}<%^. *]M<i 1^- -g*H 2^ SEM ^V^l-Sr £. 3 
* £ 4*fl zfzj- i44^Si4-. £ 3 ^ £ 4^1 SEM a>^1^- £ 1 ^ £ 2^1 
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$.2) 3.^ SEM a>^4 w]H«fla.^, ^«o v ^°l *H§3^'M £^ 

<7i> [S 4] 





Ra 




kz 


kt 


V\M<% 1 


24 


32 


185 


187 [ 


Hlin.«=i|| 2 


15 


18 


96 


100 


l 


7.4 


13.4 


! 93 


94 | 


•s A ] °i| 2 


4.6 


8.3 


78 


81 



<73> 5^#-% <£^- ^^o| oj £l . £^o^ 7^71 # #°lJL(Ra3b8: 19 

2.9^5. 13J 343mAh/g°lH 470mAh/g°-S ^JL, 87%°fl^ 

97%S. 
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D(v, 50%)7> 10pm °}0>}°1 % ^(S 8 ), % 311 W# 3? £^"#3. 

°1^-<H*1 ^ if^fr 
[$^8" 2] 

^ 1 IN ^"71 ^51 D(v, 50%)^ 1 tfl*| 5jumSl &|#-% # 
3] 

^1 1 IN ^71 <g=^£- ^-S 5.^ 7i^7| Ra 5/mi el#-% # 

[3^* 4] 

3 %H1 <3=q-^r ^ 71^71 Ra 0.1 tfl^l 5//m<?l el#-# 

3*1-8- °<H\ 

I^T 1 * 5] 

*H 4 %N 5a°H, ^-7] 7^71 Ra &°] 0.2 vfl^l 

3*1-8- 
1 33^* 6] 

*H 1 %N sa°W, ^7l % 741^ Wl-^r Li 2 S n (n>l), 7fl#eHH(catholyteN 
-8-*H€ Li 2 S n (n>l), #71 % S*W, 5 #£l^((C 2 S x ) n : x= 2.5 ifl*] 50, n> 
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7] 

^5" 71^71 Ra &°l 5/an °]*K1 ^-g- <#^-. 

8] 

*ll 7 5a°H, a o v 7 ] ^ s ^ T^yi Ra ^o] o.i i^*] 5 m o) e|#-% 
9] 

*H 8 %H1 sa°H, -*7l ^ 7^^7l Ra 0.2 vfl*l 4^ 31*1-8- 
[^U" 10] 

^£ D(v, 50%) 7} 10pm °]0>}°1 % 7)1*1 ^-^-i- ^ o]^-^ o]^<^^l 

[3^*8- 11] 

*H 10 <#^r ^£ D(v, 50%) lH 1 xfl^l 5jHm«*l e1#- 
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12] 

4 10 %H] $X°]^, ^7] °<H-^ ^5 71^71 Ra 0.1 5w9l 
13] 

all 12 %H1 S^i, ^"71 ^ 71^71 Ra &°] 0.2 tfl*l 4^ 

[^^8- 14] 

5" 7i^7l Ra 0.1 t^^I 25^ Hl#-% 

15] 

14 &<>H, ^-71 ^ ^ ^7Kr 0.1 vfl^l 2.0CS. 0.1 tfl^l 

2.0CS. ^*l*Hr 3*1. 

[^^8- 16] 

all 15 %H1 A oM ^ ^ ^7>^ 0.2 vflx] l.OCS. #^^>JL, 0.2 xfl^l 

1.0C5. ^*I*H -^l^Rr 3^ 3*1. 
17] 

14 *M 9X°]^, -#7} ^ ^ ^Kr 0.1 tfl*l 2.0mAh/cnf^ ^3 0.2 
vfl*l 1.0mAh/cui ! ^ y c v 3 ^r£S ^1*1 ^jo] 3*]. 
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18] 

*l| 14 %H1 &<H>H, ^ s.^ 5 §7H-H #«v*] l vfl^l 100^^1 e|-§- 

191 

18 &<>H, a o v 71 ^ jl^ jg 7 H^ #« 0 >^i 5 vflx] 1005)^1 Blf- 

20] 

*fl 19 %H] 5a°H, A o v 7l ^ ^ ^7HH $t^fe 5 vfl^l 2031 91 b]-§~ 

21] 

*fl 14 -%H1 54^, Aj- 7l ^ SA^ 3g 7 > * #Bfl ^ 

22] 

*H 14 %H1 5^*1, ^-7] ^ S.^ 3g 7 > ^ Aj-Efl^ **|^ #Efl ± 

M3^* 23] 

*fl 14 *cMl Sa°1^, #7l ^Ul*) ^ JL^ 5§7V ^ #*1<>) #Eflfe QCV7]- 1.0 ifl^l 
4.5V^1 S]#-% 
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l^tt 24] 

*l] 23 54^, #71 £*]<*] ^ 3§7l- ^ 3*1^ #Bfl^ 0CV7> 1.5 

3.ov<y B}#-% ^1. 

25] 

*ll 14 %H1 SI^^I, A oM ^^121 ^ ^ *M1*H ^-e]^ 

A 1 ^ ^^^r #31 10 ifl*l 90%<y ^1. 

i^^r 26] 

*)1 25 %H1 Sa^H, ^ ^ ^ go vfl 

*1 80%<y el#-% ^1. 

27] 

*ll 26 *M 91°]*], #7] ^ ^ #1-^ 30 tfl 
*1 70%<?1 

28] 

^1 10 %H1 floH. ^"71 % Tfl^ LisSnCn^l), 7flltr^<>lB(catholyteH 

-8-*H3 Li 2 S n (n>l), -H-71 % * SbJoKCQjSxV x= 2.5 vfl^l 50, n> 

[^t 1 ^ 29] 

*H 10 *<H1 5^1, ^"71 <y=^ JI^}, ^-711- zi ol e^^, ^ 
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30] 

*fl 29 %H1 floW, ^7} f^5foin i ^al^e^ as 

#-s-til^ <>H13HB), ^eKpfl^DflBl-ams^lH-s-^l 

El^l, ^iVi]olE]= ^^^1/cllll^-^-^^/iEl^ HS]!-^- ^^l 1 ^ ^\ 

31] 

4 29 *<H1 ^-7] ^-7}^ ^3.°]^ ^el€ 

^e^h #5Lo]^ tf D M, W^IM-, € ^M^, 3^ 
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